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(20 continued)

‘- Using the analyzer we investigated the Software Science Effort
Estimator and compared this with estimator based on lines of code and
on "cyclometric complexity.” Our experiments show that the software
science effort estimator works reasonably well only if a program is
properly modularized and if inter-module factors are included. Published
reports on our findings are available on request. -

We also studied the language level hypothesis of software science
in a COBOL environment. While the study shows that the mean language level
for COBOL falls between those for FORTRAN and PL/1, the study also shows
that language level is heavily dependent on the size of the program and that
it fluctuates too much to be considered "constant" as the Halstead theory
postu]ates.r\
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1. The Problem Studied

The purpose of this rescarch was to study the applicability of the theory of
Soflware Science in managing the development of COBOI programs. Since
Soflware Scicnce was a theory in its infancy, we hoped thal through this study
we could oblain evidences supporting the theory or make refinements to the

theory.

2. bummary of Importlant Resulls

During the contract period we have developed an analyzer for COBOL pro-
grams, sained additional insighl in modularized program development, and
discovered Lhe limitations on the language level hypothesis of Soltware Science.

These three accomplishients are described below:

2.1. The COBOL, Analyzer

The necessary Lool for syslematically sludying COBOL programs i3 an
automalic analyzer. IU was completed in carly 1980, We used it Lo analyze a
varicly of programs and the preliminary resulls were reported in 1], The major
findings were that the Software Science length equation works as well in COBOJL
programs as in other languages previously analyzed; that the efforl equation
appuared Lo work for one single-programmer, single-module program; and that
the languase level equation did not provide stable results. To dale the analyzer
has been distributed to the following institulions for rescarch purposes:

AIRMICS

The Ohio State University

Jel Propulsion Laboralory

Cincom, Ine.

The Universily of Trondheim, Norway

M. Witheni Otnes of the University of Trondheim has conducted an cla-
borale ewperiment using the COBOL analyzer. 1le wrole a reporl which gencrally

confirmed our finding.s | 2],
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f 2.2. Modularity Factors in Fffort Kstimation ]
Effeclive soflware management requires accurate estimation of the pro-

gramming effert. The "lines of code” measure, the "cyclomalic complexity”
measure, and the "efforl” mceasure of Software Scicnce have all been proposed
i Lo be important factors in propgranming effort estimalion. We have conducted
experiments which showed thal neither measure was adequale in estimating
cffort for single-programmner, multi-tnodule programes unless Lthe modularization
and module-inlerconnection faclors were included 3] This important extension
of the Soflware Science theory has yielded Lwo publications 4,01, A Lthird report

on the research has been submitled (6]

2.3. The Language Level

A hypolhesis of Software Seicnce is that the power of a programming
language can be quantified by the "language level” cqualion under ccertain
assuruplions. Previously reporled studied shows thal Lhe equation yields
numbers that rank languages such as PL/1, Algol, FORTRAN, and asscmbly
language in the desired order. However, the numbers reported were based on
hand-analysis of small sels of programs. The development of aulomatic
analvzers cnabled us Lo analyze hundreds of programs writlen in COBOL, FOR-
THAN, Pascal, Pl/s, and assembly language. 'The language level based on
soltware Science Ltheory does not remain constant. 1L appears to have a slrong

dependency on program lenglh. The resulls of our analysis are reported in 7).
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